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WO 2007/ 077230PCDEP2007/ 000228 RESI STANCE TO

PHYSI OLOG CAL DI SORDERS I N LETTUCE Fi el d-of the

invention The invention relates to a nmethod for
waergerizaly a 5 popul ation of plants for the pi’(éﬁél’i’@@mﬂﬂﬂﬁ

therein of individuals, which are altered with

respect to their node of et hyl ene response. The

invention further relates to plants and plant_parts

| n pABSTSRANCE G PEXGJOLOATEST PRECRPERR(TY | HEF TR

in particular, this invention relates to |ettuce

{Lactuca 10 sativa L.) that shows an altered response
Fiébietmyﬂlmneinmrwidmads to a reduced susceptibility

of thi,g cr.0 ecies ygioLo r
as Ru Tﬁ’e tnt |lr‘1:’(ff]1 ae&%\'?%ll;l %WI n géﬁ'ﬁééd :j)lfrl(?/lg %eg rr;ﬁ]%?; a
pophel Atiem toF @&a@&samﬁrpmm@epyesént@esmexéznnafzmnﬁlviduals,

| ant_parts. 15 B d of t
D R G IS TP o GEPRF e P KBot BTSN 1%

redPHCT iToR anv@@f{ff.{@hc ifalrtvati ekl gseopts nmldnt Ada edant
to produce narketabhl e products, Many characteristics_

pa%d iftp e t2GUE ARe S0 vaEEsaRL SBur Y selwtititged. More
in WHAH &akat ethe sbetiehRRYh 20U 08t Pt Iddidce @-tiica

the nost inmportant traits in this respect relates to
satpiost Ihar rbet ghavist pn pAtpaedi é@ﬂa@n% tkhéthylieme which

leaHl® £2VQ, 420680 sag spehagheal di spidersdymied Ro
particul ar usset ting an ovm ng are
physmdrdganaleheﬁ”emﬂsrshauct)anseRllemltti’rfeotﬂﬁeig‘ aInldf e of
| ettuce,cro parts there Et
re L o R BoRe hEREra P kROt TS R 1SR 7 BiBdeRy of

theply pilahegi aal preaespasteel ated to senescence. In
| ettuce this stinulation becones apparent through the
30 formati on of synptons such as Russet Spotting and

BacX@ldoowkngr the inventhenRusset Spotting disor der is
characteri sed iﬂ3¥ t he _appear ance of_ hrown spot

al ongBFBBALAE AT dEPREYT V?ﬁ%t?fé]a%slw?er%&giwa P&REngt the

prokfcthendsrerahmbleashi per0bt { £avVEs MG, aWRpted to
2007/ 077230PCT/ EP2007/ 000228 occurs duri ng

progegespanketable poadeghencdany EMIGVHRUTEISEcBREBWRC Pe
takAL‘lt HHHQ“aH@&Hﬁ@ heads oéeiséw&% vﬁﬁ%hk'l%%t'éotgr pduge

m nut e anpunts o eth y ene, t he p ants are
lnphtghhﬁ output traits. One of the most important traits in

this respect relates to post-harvest quality, in particular
to shelf life. The avoidance of physiclogical disorders and
mbre in particular Russet Spotting and Yellowing are
important elements that can extend the shelf life of a
lettuce crop or parts thereof.

Ethylene is a plant hormone generally known to
stimulate physiological‘prdcesses related to senescence. In
lettuce this stimulation becomes apparent through the
formation of symptoms such as Russet Spotting and Yellowing.

The Russet Spotting disorder is characterised by the
appearance of brown spots alongside the midrib of the leaves

whereas Yellowing is the general bleaching of leaves which
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5 sensitive towards this plant hornone. Therefore,
physi ol ogi cal disorders associated with ethyl ene
sensitivity which reduce the post-harvest quality of
wo edovocesar e mai nly caused by external sour ceBCDEP2007/000228
et hyl ene. Exposure to such external sources can occur
during harvesting, processing and 10 storage of the
pr oduce. For exanple, when lettuce is
oddaiRsparted eenskeeedei ast heconséqigncofoftdiylangphyll
producing fruits such as apples, pears or peaches
b ¢ldet eri oratton may occur. Furthernore, when
| ettucg;isoRGACASSEdandadsedt | e pacdeagearkt firesin tot produce
15 mxtures there may be l[imtations with resqg%élto
ontliye mihgitedp@ars twhPEhSEBKL BRE usBRE RIS 15y y
sd2123%8_D¥.9PAsOkn TR B 8ht L AErhHigE cdaitisFore,
usset Spotting is a physiological disorder whichis
physiicflegtied 1 bylishedappeasanetaofd ity GUN WG S§HSLEivLity
al ong 20 _t Ldrib ' [ mainl
A T B T
causedr Byskxeeshagesootceheolli sohyibene RismsSisotto ggch
i s known to occur_especially. e le ‘
exﬁ§§8§gaF8u§F8Fe8a3t° 8&érd?%ﬁ%€?£5{ﬁ%§?' )H%¢§Q%ﬁglng and

. stagense ehel pwoaaseent rations (ppmlevels) of

t hyl . 25 t ti b t ; .
appl yi RSt REoHPLRY HOPHORGE QST nhbre R K ot Bored in

UL ReL IR Eo rMBELT T 8He abHBEREE @ SE DI AidNidtg dsowpples,

oxygen | evel s reduce the speed at which s togs th
PE@eNep@pp'eﬁt:h?ﬁesﬁi‘feéﬂeﬁ?%%lq”é%'*e’rori-'{d‘?s%to‘ég%'ti fg -hermore,

p ; Safd CRES@UUE g faesh-cut
Whggi%%FEFF%n§%ng¥g%?ﬁe%i%ggnthesis Rﬁ?%hg%auses -

mikitgmegi therenmandbeel imiptioms okt AFSRSSind < fde
._area.of the |eaf e Vi A b
mgﬁﬁgé?‘?tsV\‘bhb%?‘f%g?é%oé%% 95605 SHBHYE Welepse by one

ordmseel ofir aheonngsedaesed. by the stimul ati on of

phenol [c metapolism The en ; Phenyl al ani AQR; :
| yase %Eﬁf?% gﬁ?%ﬁlﬂ%sl%e%ngg%dVM' %#%é?f#%ﬁﬁ%gg by i€h is
ma@t ¥kese, bgathbyapsethentérst womedditedsep spotishelong

h I id th ... Ph i [
oy B RBF et e YRRl LA REFTEI b GAlY Vol Jeeoag o1l

ovidel khas) aaaushes ngf t hé aypogt &lss sue s tasy st )ofattdéehidd sorder .
and (-)epicatechin. Subsequent oxidat. of .t hese

Rus6RBOBREST BYI pbF y pREND| COXPEELE TRy MREvTe
1egggt@’t@. AL 358! QyFéaEi:QPe&yé)i': Cobhdr Ob&sRFatest diesRUSSEY in the

ing. 10 Finally, the synptons may becone nore
preevere diieloe cohrepsrabions t (RENel Wil Delqt GedwHene-
Senescengseba RoPALULShI Yo 5U & Aol MMBBLAYing the
process’a the end of a life cycle of a plant or
pilphanhosmgaa duxingowhcahcimst abloht Hre i teop meghared

d to 15 bili i nt )
LR CEMERNT THI N T ST R

whdexekoppesihal dpretess caused by endogenous factors
I i ke physiol ogical age ;h re are na xQgenau
factor%zmﬁF%hgtﬁﬁLﬁ%gﬁ? tgeg%ﬁeg%%ﬁ%gfﬁxggl%g dppears to
develop as a conseguence of a local stimulation of lignin
biosynthesis which causes lignification and cell wall

thickening around the area of the leaf where the visual

symptoms will appear.
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Yel | owi ng of | eaves being the nost visible synptom of
20 senescence is a consequence of chlorophyll
breakdown during a relatively |late stage of"
woRiesesnce whi ch . can be enhanced by et hyl eneecavEre0E/000228
| eaf is receptive. Well-known other stinulating
factors of senescence are waundi ng, darkness and
nutrient deficiency. Al though ethylene is the nost
i mpor tmy b2wipl atits dedrauriag iknows ¢ausid rug dthe stimulation

senescence ot her hormppes |ike jasnmonate nay also .
of RMnled @%%%?%F%&@s??zyme P enyn%loarﬁ] %’%e Ot
1y&fe hamtgst wofi chhedeiciee sebep tothé ibudmimnyt etfhylene,
consunption, the produce can be exposed to t

he .
catg tsrse i ee X4 G &0 GOTTHAGAs SEBRL $F btlt i gy Lpropanoid
patﬂ'ﬁ‘ré .C%%%'olzge%%n%lﬁﬁ% B8 i WRUALK NEbyakdd Mkinly include
arvesting and processing, darkness and nutrient ]
caftfaficisericy deuiiviag igteor age vahd @8 hy B Iurdhdlavonoids
rocessi,n st ar - T M oxidati
Sug iaﬁuliit)g F%gﬂﬁglst%-nﬁy;sve{sgpgglgg%%?er?sssv\ﬁgcép%an t?é%or?elon
of appateenbmpouRdssély pbdlSpbenphgonidhstel (RRAIngieads to the

Al t hqugh .t h ef f I | '
o O LGRS S AR 3055 A BT i pocsan

FirdBy Kehablsgmptoms may beromedesrd cseoand etud e
deterioration effects, nggy gosﬁ-harvest nmeasur enent s
cold@pPsi@o ke h1RA1EN APEUGES Tt HB_ P ef fects. For exanpl e,

one carnpskeegckhae shar vestuedll ¢t éewermitng ,0Wlevelopmental
tenperatures to retard senescence, Al though this ma

: y
praasdscett hber apd 6F PellidRi AYCIRRE A PG ity Fép therIan
htis@n sl 28hsbl FarRAs UE s Ry be
dmﬁ%%ﬁgﬁgg?egeagggﬁafggJge the ?r%psportation tinme
remodduliized resonreRe finglod repT efec BT BRI nAT dike seeds.
revents th tyce t i M Glaistes 8
2L GCRER SRakEBehEhL1S° ! AeBELELAALT Drdti e Stk 8Y
endogeabaentactaysbé ikppbhedivhbehcplr @gentthelye are many
post - harvest deterioratio I f fety and
T oS R e R R b
Many gt1tbeipgsbfhaewest heasyrenemcss tard ssipdeesyfpltom of

to sone extent but there is certainly.roomfo _
Seqe.wwgwéﬁta %p@g%ppcgogisc-%%?p@iéélng}yr aekdrown during a

relS¥hskapt i akeWBt hel sraBehbstef@asandro caxplber @nhanced by

alternatives which reduce the need tq apply
ethydenehanpgest +eadt AenteCePFeler a%ﬁlyl,'q‘émg&néﬁh@r

sti?tﬁllg'i:iiﬁe kécé@ﬂgdo\fh.bgﬂeéﬁgﬁé@sa:&f WRlundinef, e galdit@ess and

need to take the expensive, preventive nmeasurenents

nutwhiech deéicierelt| pltbeyghoshay g st R ISSrhirpestant

al,| AN LeLek my PUITBL o e B Yeln@t n

pla%ﬁ éo%ﬁ?g% gggggtFotégégu?s proJ?déa a pl ant whfgﬁones

likeehasmsntvet heygehss ceotuthubedtd rkhdar tiroweds-to t he
species Lactuca sativa.that_s re £il
susce%FP’Bi ﬂ]?ym%‘egtthﬁlfeﬁgggﬁggﬁggﬁhﬁ g‘glél(:%g’lce Grop untd

thedinspeder s tonpampikavhar tRassesdiBpotdsimdpeamgkposed to the

Yel | owi ng, as conEare to a-co trojgﬁlant

d J
diffRaLAEt BXPIBROPH fRSECE8eAPPREE U thd DIEReSravsey These

canl BRIGHUHYPAGOLMEiAS 6QRPAEEInd Caridi@r@idegisialy, darkness
et hyl ene-sensitive 4a control only under eéhélege )
andwRER T Heas uRe AYCLRBCYr BWFRNST S 1% SGYSERE PGS
pro%%ststgﬁgpgﬁ‘&t sP8raLRat edcUndes iy IanemNd Hhenanaekhthe
of the hypocotyl s”of seedlings of the plant
posgeharnastddiporilergswhbapafed Rt 2PHEgERs @S Russet
et hyl ene-sensitive control. In a second
aspect, there is provided the progeny of a parent
pl ant as defined above that has the reduced
susceptibility to ethyl ene and physi ol ogi ca
di sorders, in particular Russet Spotting or
Yel | owi ng. In a third aspect, there is
provided a part of a plant as defined above.



In a sixth aspect, there is provided the progeny from
a seed as defined in the fifth aspect that shows the
reduced susceptibility to ethylene and physiol ogi ca
di sorders, in particular Russet Spotting or Yellow ng
as found in the parent. 4 In a seventh
aspect, there is provided a | ettuce product,
conprising a plant or part thereof as defined above.
spAshdlise asedowsng. SEI eRmLdlY trmstdaaodszleicazls akkonsrgoly

i dentify ethyl ene-jnsensitiv ants. s a further
coBBT Gt S PREIHIEePOSUTRS BV MG BEGUPdG Brafid roreny
Lnhbateada obt ai nabl e by the nmethod. 4b Also

di sclosed is a nmethod for screening a popul ati on of

pl ant st f ofrddre cpr esence rt hek eidr of i dndindrdualrsctBat many
show a reduced suscegtlblllty to ethylene and

PophySH OIGY E4FSHFSBPEEP sC2T P Hart iCUlMGr CRugsetce these

ef§¥E%§'ﬁﬂua%§a¥ShE0mbH8 c@S SavRared tQrdeseBlr Okctuce at
whi ch nethod conprises: 5

' lowrtﬂmnﬁnﬂ}uaepopelaﬁtéﬁdoﬁe@ﬁﬁﬁﬁﬁce Althoughbyhls may
e ti t 1§g§§§ ingt he PreEsence

co§R DA% e B2 R SullgfRiinses At ing Rey

ens&meﬁnlrﬁ@ seiddikings tha@ssh©wm¢aﬂu¥§mdm¢§o@@vyb§ t han

t h I f I
P ENBOCOINLD SRR N EAR SRIRAING SO Shipirea
fr&) e ikdid ng ehe pansumérthw:ﬂeeﬂspgea@uaedtheohettuce

- each sel ected seedlin rknes in the
toﬁ?%égﬁﬁﬁxbﬂneFﬁﬁlgﬁglgﬁbya%g €h¥ “I5f *thé“Seeds
f r omeachssel, e@h@&lgaedkke@tmmmrﬂ@mm |ap>pa|led ahdch
f) nmeasuring the relative growth of the hypo P
PreYilsdddl RgS HerHfaat gﬁt%%b%?ate“t%laelﬁg’%@?‘ %&O hgatety
an@ OMNRfr theepypaecet ¥hsiohstPe-sead iangs sgeeni nat ed

in air for distinguishing plants that have a | onger

hypocokyl, asx conpaed-hartBetohégéddments are successful
et hyl ene- senS|t|ve control both in ethylene and in

to aiend regthepitaRts Charehabeca toryet HpFodery Frggovenent .
Mo £&, eﬁ!egxkﬁstHﬁvgﬁvgﬁnﬁgye%@Yéﬁﬁg%éﬁﬁﬁﬁﬂ|Wﬁ§cﬁoﬂgrghother
only under ethylene, wherein plants that have a
rejgmgero ypocetyhlasrootpasediirh iedudegithgl need to apply
po Ly, &!&%é%@%h& hiBeConbEOke Ol ¥y g,degren%ttfm eRe,AE6y s
i dent’ified as ants show.ng a teduced susceptibility
fommdeﬂhyﬂeuedandsphysebhmgh@b¢sdﬁgbﬂdexthIﬁake the

articul ar Rus et _Spottin Y
“HHE Wi s cFosure ﬁe?egeasur%% dsgﬁhfﬁtghypo TRESPS Y nate
to ehdnyl ienier itheepskti-verpkant gualntpartt ichliah Levelce,
woul d be resistant to post-harvest physi ol ogical

suth&of der Irsyehiaa Russet Spotting and Yel | ow ng.
In a preferred enbodi nent, the nethod as discl osed
hereinnﬁQﬁWﬂﬂﬁ%&Sa@h&cﬁurthefesiﬁppxﬁvidﬁﬁiauphﬂnanwﬁich

that have been identified in; thezfr Vi 0 %ep
bektisii g ahredGBED SdScEREi BTty R Péndot ppe species

rabthels 4858t apee tacRYsset-gpedd i Ngand/ion 1Yekl ewi ng.
WO 2007/ 077230PCT/ EP2007/ 000228 6 :

ethylene and physiological disorders, in particular Russet
Spotting and Yellowing, as compared toc a control plant,

characterized in that seedlings <f the plant have a longer

hypocotyl as compared to the original ethylene-sensitive



Hypocotyl length and root |ength can be observed by

conparison to the standard and scoring from1, which

nmeans equal to the ethylene-sensitive standard

vari ety under ethylene, to 3, which neans equal to

the ethyl ene-sensitive 5 standard variety under air.

| f desired, nmeasurenents in nitflinetres can be nade.

Usi ng one of these neasurenents, sinple statistica

analyses like a t-test, well-known to the person
costkid] ediliyn wkeraethy tane behgye rforyved "Bo tBSt abPish of

whet her I r QHp I .S+ SLOALT ] Iy
B L
etleghylenexsensi tirvetst ahdara  hindm@tods oFr eababtows of the

Rijk Zwaan, De Lier, N). Th K L gnif i _
P16 d o & ol PestoTE B por, i S IOt R ene

semi@inies cdritecgt at i stical conparison is preferably
made between the hypocotyl |engths and optionally 15
t he root1hengidisoef sshecari ghaat varpeiy ddatthwagrogeny
used for the nutagenesis treatnent, which is the bggé

of W artadte Riandard, Iahinthe*RYPecbEPF BAnT Fhotredy
su %‘&éfﬁiﬂt;&_@&@%ﬁ%@' afut gL s angdfokaihgitorders, in
of f'spring. For finding ethylene-insenSitive plants in
paexistlag ROsptantpoatengabr daetlovingre
representative sanples of varieties, breeding lines
and/ or gemneabamkraceesstbnstheeesebeptediddiea part of a
statistical conparison is then suitably nmade between
Plame %@U%%%%%?dgg%OV%ot | engt hs of the individua

accessi on under investigation and the rest of the
popul at i &h. 3 250WHeh asacFsti EAPFS tesPTRYITRdi ¥i BUars
|.ani f tly PQCOL¥ESHaRdAREvEOBLSE 1
re%éﬁ??%?%&c%%%gr+s%%gﬁgs %P%a§§b§¥negded tovnaintginaS
thpropdrcevesattestgni fitante eéevelsnefondexhppielogical

. Dunnett's, multiple conmpariso est.wth agn andard

O TR O SE AT GPACT ot CoRs50aD B0 10D60TIoT 2
fod®59) )thd0Jhe=pt ants to be screened are usually

| eafy vegetable plants, in particular plants

bel ongi ng, t9 the-gepssebact ugarandsi prearbibgutae 8ed of

t he species Lactuca sativa. 7 The pl ant
a poput ais otefsnpdeflepably a popul ati on of nutant

pl ants because the chances are higher to find a pl ant

as di sclbsed herxehnaspestichthareant populdefonhe progeny

However, .an t her popul ati on. Llants.that differ-
£raln & 1ar%0 et hobolortt BT obt nhy BePelr caneh ShOFE the
re@EEOT diNG-4:9- 1he1 ey hod ashdisebosed pryeidiogical

~The popul ation of nutant plants is preferabli ,
digphtdmned by ronuiagbaesRessrbabhrehtl0gi A EhehPeang as

and/ qr | jon. Mitagenesis treatnents are
ﬁmﬁéfl¥ih%@%q§%§égfll be further described herei nbel ow.

The concentration of ethylene jn st . e

10 p/ 11 T et b erePant st neslrn Snd bev bt prosteuce
prddig-tconeant rai0q of pehhyl enepbptstrprddpfi ssabefiindd

to 5 pg/litre. The sel ection step in the

abag eeni ng nethod as di sclosed herein is based on the
el ongation of the hypocotyls. Exposure of dark-grown
ger m AatdngiseddibieAgsst 8 8ERGPRRRY dRides MRdickl allows to
ideﬁi\@lflg %%P?/Eehggﬁhélgﬁgg@{ﬂie %ﬂ@.‘ _@tt QN ;0% FERL a&gj ect
ypocotyl “grow h. This phenonmenon is generally
of réfeeriedlbesuas hheeini pd e r@sipbngd adee thok exanpl e
Quz : & Eck Plant Cell 2:513-523 (1990)).
Obtfﬁggﬁggrgguggéiﬁ%%?g%f this response allows to screen
for mutants that show an altered triple response in
the presence or absence of ethylene. In addition to
or instead of neasuring the elongation of the
hypocotyl s, the selection according to the nmethod as
di scl osed herein may be based on one or nore of the
other elements of the triple response test.



8 an ethyl ene-sensitive control as plants show ng a
reduced susceptibility to ethyl ene and physi ol ogi ca
di sorders, in particular Russet Spotting or
Yel | owi ng. The plant as disclosed herein is
preferably a | eafy vegetable plant, in particular a
pl ant which bel ongs to the genus Lactuca and in
particular to the species Lactuca sativa.
Wth the screening nethod as discl osed herein,
et hyl ene-insensitive nutants were identified and .
sel ect pUso Seeds ofed hese muthnd staerse depdsait edpwpthation
NCI MB Ltd, Ferguson Buil ding,. Crai hstone Est at
o BICRSHr T A Heeneh AR IO U o 4T SATaL S S how @
re@dfdeaveshgenrgilvern thecacerssd amdyrhersilagitist ed.
in Table 1. Details about seed descendance of the
digepdeits 4 @givenirh Bxanpt P EndY AREXARPpFevYI, 23S
conPessy deposidsiate prgder bepause ddheyahaveptheesi ngl e
specific characteristic of significantly reduced
susceptibility to ethylene. They were not tested for
DOS-criteria for variety registration, i.e.
di stinguishability, uniformty, stability on al
regi stration characteristics, and are not expected to
neet these criteria in any. way. Table 1 Plant no.
Internal reference (=NCIMB reference) NCI MB accession
nurmber 00D. 7856 07D. 826509 41449 00D. 6876 07D. 826514
41450 000. 7871 07D. 826502 41448 000. 6883



07D. 826522 41451 000. 6896 07D. 826540 41452 00D. 7845
07D. 826542 41453 9 Al so disclosed are
pl ants that show a reduced susceptibility to ethyl ene
and physi ol ogi cal disorders, in particular Russet
Spotting or Yellow ng and are obtainable by crossing
a plant as disclosed hereinfwith another plant of the
same species. The feature "reduced susceptibility to
et hyl ene and physi ol ogi cal disorders, in particular
Russeta Spotavimg rar aYebPPehi by cah I97¢$ 'be br ought
into other plants that originally do not have the
f eat urlel. JAhetihert itle tphanesds esuldd g ePronrduen Bhe
cross are indeed plan t r. nt discl osure can
pr?ﬁ??%%f%deﬁﬁygﬁgfe%?i%%t%%éégﬁi 5%§§'to t he screening
nmet hod_as_di scl.osed her ej di (
is a p?bd%%f“blng Sgﬁe%%ngfa%?a%§ﬂ1ﬁ%é@%%%é hg?é?§€§hs
thdhathes hows cohe 1sediiced susgceptd-bidnistiyive ethytrehe and
physi ol ogi cal disorders, in particular Russet
Spot t idyg arlfield anengelSuchd psog@mngmytcherpdnye seeds;
generations renoved fromthe parent. Provided that
t he feat Wwearnimedueedcsaspeptidf | il demdet wylbdnecantirom
physi ol ogi cal disorders, in particul.ar Russet
ey i oSG GRRng™ Fe T ecert the (D oBerge BT ant!
cthPléhdla0t 0bthBe bBYEeNdiothe seeds fromAksohdsstiosst
are parts of the plants as disclosed herein. The
seefl MtS par 8 &PesSFoi ek ahpl @F et t uce heads O | eaves,
such as baby | eaves, processed heads or_cut |eave

Pl ant bartes s idids ¢h6s 88 L ARE &F ndtdH b ludd FHPPFggﬁ%ﬁ of

theulde 1R egenerats phadt seitthaterhaverihe trdugesith of
susceptibility to ethyl ene and physi ol ogi ca

thelilmaradmrts;!si wipahei eaPak RIS s8 Ipot g of Vel Pbwi ng
di?aéiﬁqgﬁ%%qn% ﬁa'ign%a%a{fﬁmf&m.%ﬂg@ tiygsusth,orathe
1ssue cult

ure I's derived. Such regenerated plants
comparal 3o part oofigihed diseleosereensitive conprgg both in
di scl osed i.s seed _.of as, diysgl.osed hepei tyl
euﬁ%fﬁ? haéldseléld aﬁlrar]; gmggﬁrzglggggr own t aet al goghavey%%%o Y
as featpred reduced csugcepl i bty ignd-caatdiyliorecantdrol only

hysi gl agi cal disorders, in particul ar Russet
un@%%f?ﬁﬁé“&ﬁ’ 10 Yel | owi ng". Whether or not the seeds
and thus the plants gro therefro e_re
- R f etggﬁ %8V%e§te%n9%rt (%%}3éhﬁﬁgkﬁgpﬁg%dago

tndiselpsed heneianeAksasti st osedcarle drint heder ethylene
eneration seeds that retain the reduc

d s
=T USEIUB By P28t fy PEHELBRG™ piSiol bgi-esFPEibilicy Lo

etk SISy JhiysRAnbiggubar dRuss@t r Spoiit iig takuYelk| pus sgr
as found in the original seeds. Al so

Spefi slglbsad Yies 1@ &get abl e product, conprising a plant
or part thereof as disclosed herein. Preferably, the
veget abte diss il dsertey heegefabPe2ftd e nHiartibdiigpis that
et%%?%ﬁ@ﬂﬁﬂégﬁéitﬁ§el bhLUES. in_particﬁ@ﬁ¥1E@%&@@B?dwbﬂld ba
e

nmet hod as di scl osed ﬁereln, t he veget abl e product
re Shows1r dduced tstseepetbPhy 6§04 od Bty | @ raRds such as

Ru%%%?%%kﬁgh%;g ng&ﬁg$§ingp particul ar Russet

ot t1'"ng or W n
Tn a preferred embediment, the method as disclosed

herein comprises the further step of testing plants that have
been identified in the previous steps as showing a reduced
susceptibility to ethylene for their resistance to Russet

spotting and/or Yellowing.
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It should be noted that the screening nethod as

di scl osed herein is a relatively sinple nethod.

Pl ants di scl osed herein that have a reduced
wobmeepksdi | ity to ethyl ene and physi ol ogi cal PCT/EP2007/000228
- disorders, in particular Russet Spotting or Yellow ng

can be identified in any varigant popul ation that is

sufficiently large. It does not require undue

experi gepbabt9n Lenkepr eddceodthel driytentdon bendbiskeved by

pl ants di scl osed herein nmust therefore not be. .
coppRsEFaBdLasthe BEANARTHtNE SENE R Phy dpdch means

cd8ROShE ffle ethylene-88nditesdll st H{adMeiviarglchyl ender
nsensitivity, the lettuce plant material and seed

etiigibned theBefvbirhhoaans staeny tndieasdhienerespaitve
LogLhel [ ROsE: har uest , gpal i%%@éﬂ%‘dﬁ'ﬂe)ésru@eﬁe%@st @n
enonena such as Russet
niSpeitings andn Yet| nadag. UPetqi dreel afeddrasst imea sy emgets.,
Jdnyentjon. . ethyl ene js.t St i n
SlBPiﬁtshﬁFﬁﬁﬁéc?% %??iﬁ?%%i%%“%é%ééé%ﬁ%gnzﬁélggg Egsg? the
pePBOht bRY188d Ye! tewi agt, Wkn be performed to establish
2007/ 077230PCTPEP2007/ 000228 11 are ass%&&%%%%ﬁpaagss

‘wheEheEcanetanh GEnBFPEP aBhrivsth- Tt t s 4R

seH8Het LE V3T baRY BeMBT €h#F Othus esk Iy kel seeisad ifver standard,
et hyl ene insensitivit%:_lt was faund .t hat
=]

his :
LikadEyect Tyonkadeue o {Relk derati it it Ny adPg applied
siiﬁggggﬁéﬁg@e affeet edei 8 Snéhsi dedaststhar esbosenescence

tailed studi es using plant |
nodel Epecilks mutanhs, Abhdi dlopsistiqed iCoHR3d SRBI L5as

pr%%ggﬁégfd e r&?%@w@égvfgg%%%gc%m il%'?l_g@.‘?lst Bgd optionally

Fochem car %a ways i nvol v I n"the birosynthesis and
thpersept 1 angofis ev hytlemeor Muinelaltagiied vf ¢has vesopsed for
_genes have been characterised f.q ehl. LoLe i LS
Sttt g T s S e R N
sthyastd prahd phant gpoddyl exved tacke letigehspldnthe
. horpones, plays a iqport nt, rol iniggny
indhysdieR bgretat i otedsrs ded S5 *E¢6hipl i cat ed
| Nt er agdi Vei k@i aé 6t 1 aed Woidetn s k5 e ppattisalinarglisting
temporal activity of the hornone is inter alia
Plget cratoietR bt IR PRVBPIOf - FIRS UAEYS SATRAGEr PYi ng
va £l byl £nedol osyi hedi fe s NOEdDNE Rl eRnkoBccebghahs are
transduction and activation of downstream effector
sepeoted nsThal $teat bshied hrRQRAT ifaTed 5 AP6PHy §415pbly made

pefldderant a@%\éﬁ?(?(@l%lg £ad fﬁ%}ﬂl’ﬂx{b@cﬂéﬁ%ﬁkmn%awidﬁag

response of” cross-talk to other |
aceégnbdd | ngigat hweyst i get Bethydshd s gopht késtheapgprulation.
erceptjon. are poorly. character] in.lettuce: i
whBE (RT R4S T ST e i TR B ARAS, eor, FibHEE:BBACLP
1oh§EP RGeSt ENPtdnsd ool tdeis murldeidly myrgeakéspo 2Ests may

t t w { d that hi
be Ay G it P REELA TN (9% T B 44 “Aanpareqty £

exém%@é sk etk OeNe HPok { b cat d@papippeadkst with one Sughdard

unbi ased_approach enconpasses preferalbl c i C ’

(Depnehysi @8 ¥ arffefs mut kyert'si ﬁﬁ%ﬁ@rﬁ Bdihng hess)) -
wi th ?h@fgiﬁ@@tt@w%aﬂ&ﬁrwm@amq seh€ot vogetable
procedure based on a response of etiolated seedlin

pLance high e ¢ Sochs dekA R g Rk 06l &6t FBR S5EPEnPRSCuca
an%%:}rgﬁgar@ir elfigl emde | hd S B A ciibeig 0k .pl ants

can pbe assesse



WO 2007/ 077230PCT/ EP2007/ 000228 12 per man hour as
conpared to the use of mature | ettuce heads.
Furthernore, the tithe to produce plant material for
screening is obviously nmuch nore reduced in the case
of seedlings as conpared t6 mature heads. 5A further
advantage of this approach is the use of the

selecf on coqgltlgﬁ%tggnthe see sta e ation of
predi cti &é §h P mar er e pos ﬁar st

mutamﬁﬂglant33bﬁsaﬁsblVEeg@MEﬁ@ﬂS(HrE mn@eea SUCﬁEﬁ@leplant
o $ ent gfhbeen |dent|fﬂed A cl ear r %k exists in
35 Pttt et PEEFEBL HBnS AT t it BB RY 116 8P ag O‘ﬁ%‘{ﬁ%tany
othdeachia sgenet be pashant shahiclhr expriesshthe sehecied
trait at the mature, post-harvest |evel. Furthernore

congti jud {08 GigN| QEdSFH%?H%CF FHECHSHTENES FrRe™eERYT etie

disd@r&sddvwireed i n many physi ol ogi cal processes which
may lead to pleitotropic effects. These can either be

- posi tiue DipulatAedabkveudeRensi Ho- PN <t ReeLepLapd its
cultivation conditions. The approach taken therefore
obtyimeidePably "ESABRTSeES t HeeFE19 B0 UTg st epsmicals and/or
1rré&¥§%ﬁgﬂ Oﬁu@%g@n@Qi@”@ré&%ﬁgﬁgé(Q}eb%eﬁﬂeﬁﬁgﬁﬁtaﬁﬁ will

seeds or tissues with nutagenic agents |
be fatdree E@Sﬁeeh?ﬁsi}lﬂm@qvens) or gamma-irradiation.
' 2. The set-up of an efficient phenotypic screen in
whi cHtselceecieotiries ibased ehhﬂlerrespian%e@f betiel at edeast
gs ti-C e 0
10 éﬁ%%% g%é ﬁggfﬁkgﬂiiﬁgégggggﬁge %{25 é%?gﬁar%e&ﬁg%ion
conQﬁnUﬂ@$lhﬁpoéoeyhy26n@|Immﬁﬂépnﬁ asshbbhenédto 5 pg/litre.
t hi ckened root and an exaggerated api cal hook
‘cur vathg eelﬁlaitsonespepserzish@aédmértm tmeitpbe as
dis reseonggrwthy |§ % |caI1IorJe££oI§ted Ilngs and
HEETS G¢Eut *t B Vat i Gus 6egr &gt A “frafy g

hypcaRAGiles wﬁeﬂsexeoseddaﬁkfgﬁﬁnﬂﬂgﬂmminaemhgl@@é@ﬂlngs to
see for_e Sci epce

t hyl ene | e 30 Ecker  J,
ethy%@é’ﬁSfff)s 86726751 (fi‘ﬁgg HHng of Lhg hERAF]EY erist i on

inhi0fi thle oyt apbs aRdi hiesbddyatgdRast. oRest gsén@leddieiis
triple response with respect to postharvest

ge“edfé‘tléﬁ’” SPAEFBATWR? ci° COHprisi®-RUSSEPOBPBL {FRY Hrd expgple

Guzmbel, | @WighgccOpt | ohap] ¥ht detier mi:rati-en30f 1 phej pt rapl c
effects of the nodification to exclude negati ve

reprsicgicéPiopry ef feleis TRenfsuled latFeép thRESYRAl {Rr giutants
thatt @%o&' apt §itte9ecﬁ he, sereening, et hod gk ﬁbss%ﬁel/eer%

he 5 pQoul ation of plant seeds to be teste
absqmuefefabtyyéepepuLatadﬁn&ﬁonnnqmﬂI seetsad hat mﬁﬁﬁun;ng

the %E%%bg%gogyog Pﬁékﬁ§£é%%9§ﬂ§?'%%e selection according to
the method as disclosed herein may be based on one or more of

the other elements of the triple response test.

Also disclosed are plants showing a reduced
susceptibility to ethylene and physiological disorders, in
particular Russet'Spotting and Yellowing, as compared to a
contrel plant, which plants are obtainable by subjecting a
_population of plant seeds to a screening method as disclosed
herein and selecting plants from the population that show

longer hypocotyls in comparison with



a) treating MO seeds of a plant species to be
nodi fied with a nutagenic agent to obtain ML seeds;
10b) growi ng plants fromthe thus obtained ML seeds
to obtain ML plants; c) producing M2 seeds by
self-fertilisation of ML plant; and d) optionally
repeating step b) and ¢c) n ginmes to 15 obtain M +n
seeds. The M +n seeds thus obtained are then
germ nated in darkness and in the presence of high
an et Hyy ene concéht rat Font¥ol obt &lFrsSedhpPrigey & reduced
su§<l:j&§tej%ﬁe_ﬂttlyy ’tosggg%i&gé ate se)achedithat 4do, pet-show
a response to ethyfene. The responsé to be 20
paneaswied Rus seheSdevelopnentYofldwipgeot yl s t hat are
el ongated as conpared to the hypocotyls of an
et hyl eftes gensitt bvedseelbsag. herein is pThéaraptvgenyeaty
of ch sel ected plant i pl it r i n,t
v G R TSt Chebpr bbany onber LiniTend Bilppdhg e
getle proageny sudden phrti®elat itve tgreowbhcoést hectuca
hypocotyl under ethylene versus air is neasured for
SaEg%%‘progeny under both conditions. These
observations are used to djstinguish progenies which
have #1gher RBGE6IYF PRARCY He® Gridgisars nesel
et @) Ty ener-eers it byemcoaht ol wandeardcethyl edeanbuse Bdsoed . :
under 30 air, and which can therefore be conclu eqagégusoﬂ

Seqds @hyiheire- S8hertFvBSEACIHOS &S redh Froftt he

BuPT OGN @& iUk ¥nbaver ac L edbicadsisiiscepbbibihy A2l 9vYA
et hyl'ene. WD 2007/ 077230PCT/ EP2007/ 000228 14

ux A, exafRlg -9f 280wekhg kROWD aBAGER chS t8ABacESBsion
al kyl ates primarily: G residues of a DNA strand which

nughegd g DNAStep! Lealaehe chuslest9idis PRGN BRETF 95 STl
of & g grelone basepaifsohangento; ATehasepaif s
Ofaéhia 9 engﬁcé 5 §%?ch IS detéfninednbylthe_ef ective
Thetoselqfossns and nhhde aoetaity ofeyt REvRi Shat ehng epappecilic
ch%?ggégnfgkfgq fpéﬁnE1f{@§n€%%e&£i%§xﬁ%%§c8 t?ﬂ?lity to
épends “on t he concentrati used, the seed size ‘and ,
etlof hare physiycakrpr oper téese@antbit i S-icme tet Lan€obarda oty
of the seeds in the ens solution. The. . i :
o S RE R B T N e
on SEEdS:eAS: taatonsequencet of i 4 hiecd,r eatdment, nbhectpssiues to
of the ML seeds contain random point nutations in the

meenothit® StRELE tBI PSYatd¥ t hose present in the

subpopul ation of cells which will formthe germine

= ste (germnal cells) wll be transferred

Plant no. Internal reference NCIMB accession
(=NCIMB reference) number

00D.7856 07D.826509 ' 7 41449

00D.68786 07D.826514 41450

Q0D.7871 ' 1 07D.826502 41448

00D. 6883 07D.826522 41451

00D.©896 07D.826540 41452

00D.7845 07D.826542 41453




15 to the next generation which is called M.

Mut ati ons or conbi nati ons thereof which are

hapl o-i nsuf fi ci ent thereby causing sterility or which
i nduce enbryo lethality wil] not be transferred to
the M2 generation. A S|n1lé? procedure as descri bed
above for the use of 20 ens applies for other

mut agepi ¢, agenhs, 2y ekl 1 Ihes M2 populat hoRcgaR.he

used in screening procedures ai med at a reduced
subeept B ilagponse eohyeéeiel are@dresddlioggsal disorders, in

pag{hgglartﬁﬁggytcS%g%Eiﬁ% é?hj%ﬁ&ﬁﬁgl 5n?|5¥%a5${§hnable by

tageni c agent s, are des
cresﬁym@nemmmme 25 (leby] opropansisuMticheanother plant of the

cohTBR Gl I SPOULELhene (T e DL L9885 e cptons

an@zp@esiological dlsétﬂéf@ﬂlinﬂﬂ@mtﬂdm&aﬁuRasB@DSngEIlng or

~Induced by neans of irradiatjon, i ch or_exanpl e
YeskPRbted FomSr 4§sP r?%%? 3Uﬁﬁbﬁw?8ﬁsphfﬁ£ £h

ori@f@ﬂﬂﬁy|d31not have thénféﬁﬂhhﬁrwaﬁbﬂéknEHé pﬁaﬁ&@
invention the nutations are induced by nea

regehleti T gl FEEPI AgTTSRR P ES W%ﬁ&amﬁsugg kae present

aishidmric Qi genucleali gess ol 0gousesMblants to the
l2007/077230PCT/EP2007/0 6258 15 ?ggonbination,

sciegriodudtddwdofsnBdpei eted tjjctitgenes whi ch conpete
with the endogenous product, downregul ation through'
RNA i ntesd etlendeseet é3 EFhBrP‘é%IPmd?%gﬂy oRficek BEFBisEt o

dlg? Jg 9RNG 5 %aEﬂgESsﬁo&§sﬁﬁ% ddEebh%u9@Q§B§bpiléy to
plan

In a specitic manner IS nown to the person
etiskidnechrich phiyeialbyiFat @kemmlas chipmepireicular Russet

ol i gonucl eot.i.des _hav I d b
o011 R e TRICSGORG W LR o SORRT TE mbdener adn s ions
ren@cﬁk@etmai’rc&pam@aphrestt oPmﬂlcﬁe;d gere tthegétstthe o Ulg¢1duced

honol Qgous reco tion or ene targetin
SUSTAR® % nl%?’gﬁﬂ%n?nofp gené’gllgagxc a%r%gg% %n

paﬁﬁh¢dméﬁxhub%@tDNﬁoEtag@Em& Cortcad imigng ia ﬂessemﬂ the
-modi fication. Trans enlclgggroaches are al so feasible

PregERhiR P Yo diSf Ped AF get e 4 T r oduced whi ch
conpete with the endogenous uct. Thi lL.ead. to
don1na%%sﬁéﬁg¥ﬂ§@ef5a§?fBE?EQ ﬂg'%HVéﬁa§%§cF¥lngCl058d

he SOMWNS egl ah1i.0n phribeaexpressiemmle genesckshégasi bt e
through RNA interference. In case nutagenic

le%N@%ﬂNﬁHﬂhe@ﬁIQé§y é@ﬁge§areﬁqqqﬁfqﬁ.hea s or cut leaves.

Plant varts as disclosed herein can be used in tissue
culture to regenerate plants that have the reduced
susceptibility to ethylene and physiological disorders, in
particular Russet Spotting or Yellowing as found in the plant
from which the tissue for the tissue culture is derived. Such

regenerated plants are also part of this disclosure.

Also disclosed is seed of a plant as disclosed
herein. From the seed plants can be grcown that also have the
feature “reduced susceptibility to ethylene and physioclogical

disorders, in particular Russet Spotting or



transgeni c approaches are used to nodify a genetic
factor involved in ethylene function, obviously, the
primary 20 structure of the rel evant genes should be
known. Currently however, for |ettuce know edge on
such genes is limted. 10 Preferably, the
i nvention further conprises pyramding alleles of
reduced susceptibility towards ethyl ene. 25Producti on
f ML and M +n seeds i uitably effecte f
Yeié@fyﬁgr|ﬁW§ngﬁ_or nb? gheT%%x¥%6%h %%Hgfg¥?E§$gEE§)grown
thEel ates Haarplranbsnen phantfgpart:ss cshi ok haveed nit hgia
genone genetic information which is resaons%ble for

SCEPRN ML A oSuSEe P BEPTEY Rovirts 736 Ophy &FoPdYT cAl®

£ufESOF dRhs. - SUGhnas - RusSetaSpaitd ng tard r¥alibewi sgseastibility
is found in the genone of a |ettuce plant as_|isted

toj ftMalsine Bnd WOV26072077230PCTEP2Z607/ 0052281 38 ¢ Russet
5p§’§199f?g“>’010%_t1ﬁ%w9,&@n%§ asuch aided.Are 13801 pastaof
IS r

I nvention. eny". as used herein is intended
to enconpa $8; 2o RaRks . havhagat he SRR, aofbPibakg a
reduce suscepﬁf%ility ?oma?ds et hyl ene _and _
pl@nyshpmagﬁcaMEdEQérdér@}S%ﬂ@$ﬁ%ﬂhﬂHQ%m-aPrR§§§@@lyr the
voPPHLING or, YELIOW0gy. a1 L hen0ld alnal. L a0i Sy che
esCTibed ferein-an %elng derived therefromin any
veyaysbisuclhs dethycsexual reproduction, |ike
self-fertilisation or cross-fertilisation wth .
anot hewhql antreghetheénsahe genusd of degdiogteidveerein, the

reproducti o uch as cutting, tissue.cul.tur
VeRa %ﬁ?ﬁgﬁﬂiﬁﬁ%e?EBVStgﬁé%%‘9ciﬁ%%ﬁaalg%?é%gp?gs%phy%ene and
ph{ 15 04ty i07a 10tdheb rtieebni guesariSuchlr cgesy:ti Spthusng her |
first generation of plants as identified according to
YetHe"iHirention, as well as the first generation of
pl ants_derived by one or nore of these.te(:hnig‘ugsé1
but al 5o T i CREFIGERRF abTon° G P di £et509 45
diderdyved hy-ane ier sMpeeaof v4 heseidgchricques,. pLextded
that the derived plants have the reduced, . .
digekewgst insinsiny that have a| fedicRd T Getedri nbYt hg ethylene
an 58 &fi Lhe gtiohated |gtiace seed irngsetowapdsing or
ethyl ene, 'use was nmade of -an especially designed
veplastic wontal AelestiAlafi Eh 1ot tRE D0 PEBYLFRGS Wehat 13
0 i pape n shheke ckBe Wi ERtation
Su%%%y éﬁgd{éfgﬁg'cgﬁ Eéega??%dgg?%ﬁ&gs ingegdgfound _
tot hatrdched efiteudevseedbinngsd r espandud-a ¢litkhé oprésbpgeln must
of ethylene. by a reduced. el iQn . 0 I
ke S W (e P e e ol [ et o S5 S5t or 0 oALY ! ehat
aretdypenedansensitive nutants in 25 case such nutants
reside in the avail able population and in
As a result of thelir ethylene insensitivity, the

lettuce plant material and seed derived therefrom show a strong
increase with respect to their post-harvest quality especially
related to the senescence assocliated phenomena such as Russet

Spotting and Yellowing.
Detailed description of the invention

As ethylene is the most important plant hormone in

stimulating senescence and as Russet Spotting and Yellowing
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case the insensitivity is expressed phenotypically at

the seedling |l evel under the experinental conditions

whi ch were applied. By grow ng | arge nunbers of
wotbolatres | ettuce 30 seedlings froma popul aPCHEP2007/000228

cont ai ni ng random y i nduced nutations under an

et hyl ene cont ai ni ng at nospher®, it was found that

seedl i ngs showi ng reduced ethyl ene sensitivity as
ar@oapabedatodt hetiet byheneesensi 4 i gartet iaf appeosthr weagtaken
- W2007/ 077230PCT/ EP2007/ 000228 %z 0 ulgfio?-c%gdbgor
inpharhegeBfb € eYREL RS SERLF i GRS %g%ﬁg & &Er&§
ct39Wha0; AYPOSOL Vi €) onpatifs feumd Wkkerhisonpdiabtely

to a situation in wnich the atnosphere was conpgsed = .
legfisakp Whehbdeniet HyFahton The r&%"e%f}ﬁ%@@liﬂ&eﬁtf??gé%%ﬁed in
thtehks JBPDRL - 9o VBT £ ALl dtdedr Ao liRidNg 1 NSensitive to

et yPene. I'n order to confirmthat the

et hyl eRetahbehsstideemuaing pkant avidedasperderusseh as

t. and Yell pwi ng ' eliied hAvENBrovi
argBRloRlts s VLIS 406, T AL SadiP UL €8 vk Brovidied

indBghetidel dowimng. bildfhRussel pdtvayestinygilvedl §n the
.conprjses storing harvested tur ea [N pse
01 B8 RERESTs M, HErr il & oo e nigk pf1£1 88 F0rms
of€¥BAsE NBavhIeiRd® @tdlyd ener Oasd afor thencembiat iontbis
between 6 and 7 vpm (vol une parts erfnilbi?n§ agd tion
regReek SPHYY IS Prats ehtier ia 'S it O SoPTRGSSEL 18 §P0F
indblightd. dayisy1 4 ef er bl Yotadd erpayermSuebabpyana a
et hyl ene-'senisi tive control head is incubated together,
impprhenherglaris manh et P HRR RELOEESSH6t ?ngﬁ?d in

co@gﬁ&l@@é S; b D8R 6 d Sl HUMPRGWbRREEW th. A o

oW ng test conprises storing mature heads of 20
t he | ethacydliait and tempastledqtivikyePiyrBcbpFaene 1S

._storage chanber. at SSESSI W fg of
ln?ﬁ@ %gﬁ%(¥%§V§EJ%C%§$:1 %Hgys, pf§?8%§§|§§§%§er %ﬁ
undaybyinég|towinge ésictharithgd iant hicameng| prRrsephaendosignal

not . show yel | pwi of the hase le a s
ST P A T e S T B6ehesdr [ BSteins.

i ncubat exk tiegetdierantid ot Reerpantwolloeleat edi £fenewnit

the Yell ow ng response of the plants to be tested |
Le¥ohbara A9reratinD th 1T UE Patad PF EREPERERpTresSLL a8
thét1das) heen demnstinatted Jttext he ghlal $tini pRthhays. As

ethyl ene-insensitivity 30 | eads to resistance

to .
etiRykens BiRWIthgSHmd A6 REGERING® 5CYBPPEW ngh#Hagterised

inl fetQlcd NAHCEY RERINWENB 10w the identification of
different response strengths and their underlying allelic
variants it was reasoned that an unbiased approach may be
more successful in this respect as compared to a targeted
gene modification approach.

Such unbiased approach encompasses preferably a
cﬂemical or physical random mutagenesis procédure combined
with an efficient phenotypic screening and selection

procedure based on a response of etiolated seedlings to

ethylene. Such seedling-based selection system is by far more

efficient in terms of numbers of plants which can be assessed
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Surprisingly, seedlings which showed an el ongati on

response which was reduced as conpared to the contro

WO 2007/ 077230PCT/ EP2007/ 000228 18 condi ti ons but
woxovbmdv7Iser e | onger as conpared to the sensit iREE/EP2007/000228

controls were al so found which were considered to be

insensitive to ethylene as well albeit partial. The

vari able level s of ethylene insensitivity which 5

pei"%& ahsgr wed paeid eet teet hee dhempresenbetipice heads.
different nutant | oci or“differint allglicaI0£g§ A reening
Furterniazs, [toe tdmeeda RFochcs Praft Tatthe® ort Qi na

is pc%’:?%cgf:%l%ﬁmdéﬁ GASS Ofe RS IhVenauEasé Ot t hesdl ings as
poSsi bilities can easily distinguished by carrying

comptired |l insruass yesdEd whi ch conpri'ses the crossing
of the t tant t eLeLPhbPbighthe the use of
oy e R P shEe ety

pheno I'n case of lelismof the .
thdlalddion (deddttydrenet ndenseelling skage RS predictive

apparent in the&g%@ﬁﬁﬁ%gﬁéﬁbﬁag?ggttPfaybeﬁﬁta$ﬁg%éhtive

, erent recessive | oci
gehdiSsidd diRle be secksfuasevent has beemsidemebhied. A

mut agenesi s was applied a preferred. .
clgener bt AHETS am (505 oot %F&n‘?e%ﬁ‘?g%%ﬁ%éi tfe seedling
st%ié‘%éf AACKGECUNG, ket i%0 veeabht Butkith ékpress the

riation of the seedling phenotype under th
se bepend rhoriid] Horidia MAIT SN PRSGPAET ST HFLEr] R TOe

it PEL "!Fee&ogsri gl ptatdong obrdichber enke sétenhéte antk a
conbi ned effect of mutation in the genetic
inbalke oum chartya GhrUisses ishdulPd OFESHEF f BRHER TBY cheaft &°

uni form.genetic backgrounds . fan.hhe difhsserive or
Pl%&?ﬁﬁ%ﬁﬁ%lrégéﬁﬁ ﬁvgﬂggghgéé %&gh procé%yre ig
nedatf ierdaairerant dm tdrederopo a8 desefw heVaktther

nmut ati ons at specific l.Qgi i I L :
coRBH 1141 (e R SERTop &SP ha REC Reiyey comprises

+h®! B0t Bovkitis ssefect ed on the basis of a reduced .

t t hyl d
e GRS W et S TG FEBRAOREoNE Lobie Wl -

sesS&h est et £.or 3G fpdiiced etdutzere isengentvi 1 yké nethane
triple response test and selfed %p roduce Mi-seeds.
me Ty Eswafor@ten (@pdatTd AT WB 325  PBw cases.

2. The set-up of an efficient phenotypic screen in which
selection is based on a response of etiolated seedlings of
plants, in particular lettuce, to ethylene which is
characterised by a strong reduction of the hypocotyl
elongation, a shortened, thickened root and an exaggerated
apical hook curvature. This response is called the triple
response which is fypical for etiolated seedlings and found
to occur to various degrees in many plant species when
exéosed to atmospheres containing eﬁhylene (see for example
Ecker J, Science 268 (5211):667-675 (1995)).

3. Characterisation of the mutants modified in at least
one test of their triple response with respect to post-

harvest deterioration which comprise Russet Spotting and
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WO 20071077230PCT/ EP2007/ 000228 19 In one
case an MB-plant grown from M3-seed was sel ected for
reduced et hylene sensitivity in a triple response
wo aRtor7agd crossed with an et hyl ene sensi ti.ver@mEP2007/000228
Russet spot sensitive parent to obtain Fl-seed. An
Fl -plant 5 grown fromthe Fl1sseed was selfed to
produce F2-seeds. An F2-plant grown fromthese :
veTZowEEdS MRS ciRlie6l edd@rniediudes efthplehetropic effects
sensitivity in a triple response test, and selfed %g ts’
of ptlel ueed iRl eatddn ‘trhiex Rads RedRdd VEJBEGIPHT PRES sBt-eC
endf WML ANGL ML Inned Jdines Siuksaayeabky. he |nbred
I'nes descending 10 fromthe ethyl ene insensitijve
event simerre resme ira o thed ©ofeither d8B8REEOR othe
-ethyl ene. The | evel insensitiMity ; Qf +obLethiv a
poP?ﬁ%tJv%% e flé:“‘ econset\:%{es G%Sf%s% cﬁels;{:ﬁg rlgl 1a_itﬁiascr;pgr owh
popil & Hioms ekl nutgnin devedsn tétatty loeme beoabsranag Py a method
at nosphere versus air. Based on this criterion 12/54
COPPTEE % whi ch were scored ethyl ene insensitive
ear |l i efy were Hiow ¢laseiddsedfas Ipdieng spasiesveo Ohese
fal se positives during the initial scre e M
mog{igd W e AW 3P e S 3FRat € Okfﬁﬁilﬁg ?hggeag,
re- evalualian Rf gihetey & ivhd htusesbtgéned aul oseeds to
20The i1 nbred |i'nés that showed a confirned and
obtamiM} cadtntét’hyl ene-insensitivity in the ethylene
test were resown iy adreeaheusesander of M1
regulr\g?) IepeI{t uce p‘;?g%u%:e%\gr% gg’ndi tions to produce
plamt urendieads that were assessed for Russet Spotting
and Yell ow.n appl esk. n times Ao
negat i%)e 9@§Ht%rngﬁ§§%e?he%%§%g%sg§%sﬁ%ﬁ \!/SZ glﬁgn(t:é wer e
ob@E WMWY clecatsi.gi Nate from the popul ati on which was -

used to sel.ect the, ethyl ene-ins IRARY e : d i
Sur prithdty " BRE e ddd' S %ézlallne{&ﬁ)#éng?%sg%%ﬁ?%%e =

daPrdE Sargerif Rate g rreemmld wB3hiighe etbyhpae abbrecent el on

seeds of a near-isogenic ethyl een- sensiti C
to ppkiFR L RSP PI-ated %g‘ﬁi’sp?&’%% goiredtings dFe T%?%é@‘led

thEOMS asSS SN Bl Yedspdrite $id walhylenen Ohbereppamse to be
megs?\_?zc':slec? SisS utchhe acisév%rl%%m%?'pc&o%f thl}%lclc%%%l\éhltggt SQQ‘\EN glongated :
as compared to the hypocotyls of an ethylene-sensitive
seedling. ‘

Then, progeny of each selected plant is split up and
grown in the dark: half of the progeny under ethylene, half
of the progeny under air. Relative growth of the hypocotyl
under ethylene versus air is measured for each progeny under
both conditions. These observations are used to distinguish
progenies which have a longer hypocotyl than the original
ethylene-sensitive control under ethyiene, but also_under
air, and which can therefore be concluded toc be

ethylene-sensitive and not desired, from the progenies truly

have a reduced susceptibility to ethylene.
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WO 2007/ 077230PCT/ EP2007/ 000228 20 strong reduction

in germnation capacity when planted in potting soil

(Harpham N. J.V. et al (1991) Annals of Botany 68,
wo2e6hI23dpparently for lettuce it is possibleCEPHYOTN0228

et hyl ene-insensitive nutants according to a normal 5

cultivation practice which i many cases incl udes

sowing in potting soil blocks or potting soil plugs.

After adl bkxaplonos nat we Bl -Nenslan weitaghar iesead . afds

exposed to ethyl ene. One week of post-harvest. . .
alikydakgei BRIBIT R (e BESBUThR: PN ﬁ}F@ﬁg which during
DN@ORLRI A-Ei 84 NOSPHSE ep s £81hd 66k e}0 1 Anasskbhanes c. ,

I nduction of Russet Spotting of the heads of the
Thergfpbshe- SensiIsmal eonehangplent?y. bAsgeeérs 29 sufreguency

et by =] i ti e A : e d

D o5 T SooR P g a6 tene
acsivptiyspAgtlye denpmst clat espainatsywsitepl efiethespseahceThe

) ich I d f 15 '
oo HBE Ui, B9 5 Ryl BRALRRBLEYEL 680, cne

sekdvel ze exed athdiheolppsicdianesterstiageand the time of

._Ye]l oM ng pesistance could be denonstrated.for_a .

iR ERBELOBob (TR SRETheUhSiIT FE oUBIE L tRacPne sdeds which

ha®khptenet f& o0 S horagaemodndid it10as call Igubadped Nl seeds. As
tenperature. This is 20 surprisin%h becausg until_now

2 YEPPRURPRFT i Sthnde IR DH y e PEPSPL8Y Fhe (il Seeds

coREESENESH im eaa3aldneeiih Q‘hea%enoﬁ@&cbﬁrt\!l@éir cells

Bi ol ogy and Technol ogy 27: 277-283 (2003

. )) . . .
andhehppe sgerasamy day e iutPdralialtigst Pﬁt-@ﬁhﬁ ¥ipech will

es. fall n r i ) _
“ofNoh ot SR ecity) LEDUSH {Bineceres
tophne | medfargensra téxpemihiait §si caflhedEManphiesatiens or

erfornmed wi.th |ettuce but t hnv i pn. | r
OBt P rio e 1o 5t Hee prghp LheelELtfel hereby
ca&%&f@ﬂﬁﬁﬁ;ﬁﬂﬁﬁ? @mhp?skﬁhaggfsbtﬁhbfYculftmﬂiiﬁmwwill not
cont act e \% yl ene. n.the exanpl es reference
TS A (18

s q o FgIEEGaren Fi gure:

Phenotz pg nafl arbplior iRa@s a6f deetiiised adbeve efkquotilee use of
emé oapeglhiVelser]f%ratot%Ce:ri rr‘mft%%e%%rck a%%lcé‘ gas9 vgcg_k/f . E[-'I;Izqee M2 |
population can be used in screening procedures aimed at a
reduced triple response of etiolated seedlings.

Other mutagenic agents, in particular alkylating
mutagenic agents, are diethyl sulfate (des), ethyleneimine
{el), propane sultone, N—methyl-—N—nitrosourethane {(mnu), N-
nitroso-N- methylurea (NMU), N-ethyl-N-nitrosourea (enu),
sodium azide. '

Alternatively, the mutations are induced by meahs of
irradiation, which is for exaﬁple selected from x-rays, fast
neutrons, UV irradiation.

In another embodiment of the invention the mutations

are induced by means of genetic engineering, such as by means

of use of chimeric cligonucleotides, homoclogous
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WO 20071077230PCT/ EP20071000228 21 | eft panel shows a

representative sanple of ethylene- resistant

(Et hyl ene: R) and et hyl ene-sensitive control (-
weEnreelsp heads of the variety Troubadour. THEWERPN7/000228

panel shows a simlar picture of the nutants

derived fromthe 5 variety Apache. EXAMPLES EXAMPLE 1

Genetic nodification of |ettuce by ethyl methane

resSHid anati®n, 1A nkeMuction of modSeedd dhrybe get¢sioehich
varieties froubadour, Apache and Yorvik éa | Ihree
cofpeim Rijth 2heaendogancals PEREUREr hEPTRAT ‘)‘i@fjeon through'

RNgrfngge%e\@eBQegn%@. subner gence of approxi mately 2000
Seeds per variety 1nto an aerated solution 15 of

ei t herTh @B¥hHwhogYohd.cd7 llaweg) tenBoghfy ngea Hotrets

at . room_t enperature, roximately.1 ted see
re?)]ec}l%ﬁne%g%pgreneor%e ?2% %érag%gg%]mangggﬁﬁaﬁ%f%% &
knéws Wd ithg peasbs wiid lgroun itheaagteeRbougsampie hechimeric

Net her | %E?lérefsrgm %g%é&% e toglgg%gtgg 29 L OJHES + i ve

Ol%%‘gﬂ’sc.le. . S "Wer é harvested and
mutiy e Wikt hORe spRWi MY méalkel effy apeiohr eaboemr dpproach is

co et e Eo0kd TR S R AL % on
gef®@ A9 . eBUGeE SHIECRPPRLLIChY 25fakmees.offe gene is

ef f1cacy ofg the genetic nodification groce,dure X
exchanged by an introduced DNA fragment containing a desired
modification. Transgenic approaches are alsc feasible in
which modified target genes are introduced which compete with
the endogenous product. This may.lead to dominant negative
effécts. Moreover specific-downregulation bf the expression
of genes is feasible through RNA interference.

In casé mutagenic oiigonucleotides, gene targeting or
transgenic approaches are used to modify a genetic facﬁor
involved in ethylene function, obviously, the primary
structure of the relevant genes should be known. Currently
however, for lettuce knowledge on such genes 'is limited.

Preferably, the invention further comprises
pyramiding alleles of reduced susceptibility towards

ethylene.
Production of M1 and Ml+n seeds is sﬁitably effected

by means of self-pollination.

The invention further relates to plants or plant
parts, which have in their genome genetic information which
is responsible for the reduced susceptibility towards
phyéiological disorders such as Russet Spotting and Yellowing

and is found in the genome of a lettuce plant as listed in

Table 1.
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was assessed by determ ning the occurrence of
bl eached plants, which is indicative for chlorophyll
| oss due to nodifications in genes directly or

- wonehizoensd y i nvol ved in the 30 formation or PCI/EP2007/000228

accunul ation of chlorophyll. In all 6 pools of M

seeds individual plants, whixh are bl eached, - were:

observed whi ch denonstrates that the applled

treat mpRb§eh Se ttihd GEAEES Camafmealt IamBSalsU\Q)art of

20071077230PCT1EP20071000228 22 EXAVP
thPéeﬁPWﬁPEb??on"%ﬁ°$%@¥uc%ﬁrﬂ%ﬁﬂSPQHﬁlBhlﬁa68tSBF§FnEa

enc%%#%@g aP1SYBESPE I Rididy Bld elf® ber ackhyiene reduced

ttuce seeds were germ nated on paper in a smnal
susicetibitbhy af orea ro tmtw@tmﬁr&w ®hyshedri aeiofilprders,

1n1%a%91¥89%£vﬁﬂ Hﬁ% ng§éﬂi%%1ﬁ% 1§§ tHedéfkglnal
1Vpm cont ai ns itre or litre.
plEhhyIéeeeribmﬂmhexa&n]ihdnneﬂnqsdm@ﬂ@edoﬁbaF@ﬂIP@ in any

e nsitive control t n
Wagas¥§cgfa%e%% ?éﬁ?ﬁyﬁﬂ%é¥ﬁrzan I of ?%o?g%@ fép@lll?atlon
orresbgBSEefﬁiujsaﬂimﬁxwfﬁHnAnnnhern@éasntDﬁethﬁtaams genus,

were grown to produce M es by Lf fert a
°rTﬁ§§§gﬂ@1Y? W@éﬂ F%PQEEH%hi fﬂégﬁggfr£lf he éuf%hre’
ha&%é@@néﬁlﬁﬁﬁé Prdtoeidd rdnleddnd, epeotnﬁea3ttfusign or

en a |ine was regating for
othASORGPRRLTISE - 13 SRRI G oo TB FOFI GEAT geRRERtion

ofo? *g 399'{déHEifféﬂﬂéﬁtéﬁdlﬂ@p&%E@hgglnﬁéﬂtﬂoﬁln@é well

response test to sel ect homzygous
asethyl Ehest mqﬁw |crfne:sla11tfs 2grpyed| Byeone or more of

thgg gg§c%£? } gﬁ: &EQ@hQ@ é@ﬁgr¥@§on of . plants

e senS|t|V|ty inatriple
dersporse drestor amrecraj‘smsw tthécanletlﬁyl epEOsERRd tTRat the

and russet, spot Sel sitjiv to obtain
eB Rt B T, e SbclpupRiety (0 oot

sel f edid frcaduee d'_el-e&ﬁedﬁa thre E2spbase gf ovme feoiplated

t hese F2-seeds was se ec d for reduced eth

letbpee 1 FRA9YNSP 91 plc?ﬁ’seé $8§t "44n se|‘$ o

esPEQUYTEy Eﬁa‘s&%@ﬂﬁi pﬁ@%ﬂi&ﬁ WHdntag nk3s| lLﬂewh\laSh aljeitethcte)
the set of 53 M3, M4, and Mo inbred |i nes. X sh
5eRALENIhHANTR |G5RTWEE tiHe TS fapgﬁr“’e%ﬂ‘?’én?no? IE‘%? ere in

wh P& 09y 1 YRs Mbants RIaaNtbe RRGAWEE ThewgsWefi@ed® found that

sel fed seeds |eft fromthese plant.
the lettuce seedlings responded to the presence of ethylene
by a reduced elongation of the hypocotyl which in principle
would allow to seleét for ethylene-insensitive mutants in
case such mutants reside in the available population and ip
case the insensitivity is éxpressed phenotypically at the
seedling level under the experimental conditions which were
applied.

By growing laige numbers of etiolated lettuce

seedlings from a population containing randomly induced
mutations under an ethylene containing atmosphere, it was

found that seedlings showing reduced ethylene sensitivity as

compared to the ethylene sensitivity of the starting
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23 This set of 54 MB and 44 lines from

Exanpl e 1 were gerni nated on peat blocks in a closed

cont ai ner under ethyl ene concentration between 4 and
wdho97¥REel N the dark. Ethylene-insensitive mMEBGEIER007/000228

were identified by their longer 5 hypocotyls in

conparison with sensitive coptrol varieties

(Troubadour Apache, Yorvik, Eensal). Results are

pcppdﬁat%qt e&ag ?blo%t£_1négl MG 9f128tdd NeseddBing®erRere

triple response test appeared to be
se’:]]tedteaaiStshpalihlgah y@bby)rtgneeﬂnsgasmm Vo jan teheteétﬂmom@rable

£ SRR e Pe PeRreShT: S5 PAPRELS TAb S IR Ana ™
wit@Spltt $£hyVOnd007The7 £23aPChER200¢A ODNRRB 34 tifls manner
ais 4)> t-tws 2 .0itcc rc,co ft_o.

SR EER0ES vglzleowe??éeepﬁ/‘iébﬁfg“ﬁ%ﬁzzs 25

In order to confirm that the ethylene- ~insensitive
mutants are resistant to Russet spot and Yellowing the
mutants identified in the screen are tested for their
resistance to Russet spot and/or Yellowing.

A Russet spot test suitably comprises storing
harvested mature heads.in'a closed container at a temperature
of 8°C in the dark, and exposing them to ethylene gas at a
concentration of between 6 and 7 vpm {volume parts per
million) and assessing the presence of symptoms of Russet
spot after 7 days, preferably after 9 days. Suitably an
ethylene~sensitive control head is incubated together with
the plants to be tested and Russet spotting of the plants to
be tested is compared therewith.

A Yellowing test comprises storing mature heads of
the lettuce plants to be tested in an ethylene-free storage
chamber at 8°C and assessing the yellowing of the base leaves
after 10 days, preferably after 14 days. Yellowing resistant
plants are plants that do not show yellowing of the base
leaves after 14 days. Suitably an ethylene-sensitive control
head is incubated together with the plants to be tested and
the Yellowing response of the plants to be tested is compared
therewith.

As lllustrated in the Examples, it has been
demonstrated for the flrst tlme that ethylene- 1nsen51t1v1ty
leads to resistance to Russet spotting and to resistance to
Yellowing that is not induced by ethylene.

Surprisingly, seedlings which showed an élongation

response which was reduced as compared to the control
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conditions but which were longef as compared to the sensitive
controls were also found which were considered to be
insensitive to ethylene as well albeit partial.

The variable levels of ethylene insensitivity which
were observed may reflect either the presence of different
mutant loci or different allelic forms of identical loci
affecting this trait in the orxiginal population.

In case of recessive mutation these two possibilities
can. easily distinguished by carrying out allelism assays
which comprises the crossing of the two mutant events and
determining the phenotype of the hybrid. In case of allelism
of the mutations, the ethylene insensitivity will be apparent
in the Fl whereas in case the phenotype in the mutants is '
determined by different recessive locl this will not be the
case. |

As random mutagenesis was applied as a preferred
means to generate the starting population, mutations in the
genetic background may also contribute to the variation of
the seedling phenotype under the experimental conditions. In
oxder to discriminate between single mutations of different
strength and a combined effect of mutation in the genetic
background, backcrosses should be performed to create uniform
genetic backgrouﬁds for the different ethylene insensitive
events. Such procedure is further relevant in order to
determine whether mutations at specific loci involved in
ethylene seﬁsitivity display pleiotropic'effects.

The M2 plants thus selected on the basis‘of a reduced
résponse to ethylene were used to grow M3 seeds. in some
cases M3wplanté grown from the M3-seeds were selected_fof
reduced ethylene sensitivity in a triple response test and

selfed to produce M4-seeds. This was even repeated until M5

in a few cases.
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In one case an M3-plant grown from M3-seed was

' selected for reduced ethylene sensitivity in a triple

‘'response test, and crossed with an ethylene sensitive and

Russet spot sensitive parent to obtain Fl-seed. 2n Fl-plant
grown from the Fl-seed was selfed to produce F2Z-seeds. An
F2-plant grown from these FZ2-seeds was selected for reduced
ethylene sensitivity in a triple response test, and sélfed td
produce F3—seedé. This F3-line was added to the set of M3 and
M4 inbred lines Subsequently, the inbred lines descending
from the ethylene insenéitive events were re-evaluated for
their response to ethylene. The level of insensitivity of
each inbred line was scored on the basis of the relative
growth of the seedling under an ethylene containing
atmosphere versus air. Based on this criterion 12/54 lines
which were scored ethylene insensitive'earlier were now
classified as being sensitive. These false positives during
the initial screen at the M2 level, can readily be eliminated
during the re-~evaluation of the events in the next
generation. .

The inbred lines that showed a confirmed and
significant ethylene-insensitivity in the ethylene test were
resown and grown in a greenhouse under regular lettuce
production conditions to produce mature heads that were
assessed for Russet Spotting and Yellowing (see also the
Examples) .

As negative controls ethylene—sensitive plants were
grown which originate from the population which was used to
select the ethylene-insensitive events. Surprisingly, the
seeds of all etﬁylene—insensitive mutants germinéted normally
i.e. comparable to the seeds of a near-isogenic ethyleen-
sensitive'control plant when planted in potting soil.

This contrasts sharply to the situation in other

piant species such as Arabidopsis thaliana which show a
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'sfrong reduction in germination capacity when planted in

potting seil (Harpham, N.J.V. et al {(19%1) Annals of Botany
68, 55-61). Apparently for lettuce it is possible-to grow
ethylene-insensitive mutants according to a normal
cultivation practice which in many cases includes sowing in
potting soil blocks or potting soil plugs.

| After cultivation, mature heads were harvested and
expesed to ethylene. One week of post-harvest incubation of

heads at 8°C under an ethylene containing atmosphere resulted

Vln a str0ng induction of Russet Spotting of the heads of the

ethylenefSensitlve control plants. However, 29 out of 37
ethylene-insensitive events which were assessed showed no
sign of Russet Spotting at all which surprisingly
demonstrates that ethylene resistance which was selected for
at the seedling level can reduce physiological disorders at
the mature plant level, even at the post-harvest stage.

Yellowing resistance could be demonstrated for a
number of_ethylene—insensitive events under ethylene—free
storage conditions at sub—optimai temperature. This is
surprising, because until now Yellowing resistance has only
been reported in the ﬁresence.of ethylene {Saltveit et al.,
Postharvest Biology and Technology 27: 277-283 (2003)).

The present invention will be illustrated in the
Examples that follow and that are not intended to limit the
invention in any way. More in particular, the experiments in
the Examples are performed with lettuce but the invention is
more broadly applicable to other plant species that encounter
similar post-harvest difficulties when contacted with

ethylene.
In the examples reference is made to the following

figure.
Figure: Phenotype of mature heads of lettuce after

exposure to ethylene at 8°C in the dark during 5 days. The
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left panel shows a representative sample of ethylene-
resistant (Ethylene R} and ethylene—sensitive control
(- control) heads of the variety Troubadour. The right panel

shows a similar picture of the mutants derived from the

variety Apache.

EXAMPLES
EXAMPLE 1

' Genetic modification of lettuce by ethyl methane sul fonate

ems
Seeds of the lettuce varieties Troubadour, Apache and

Yorvik (all three from Rijk Zwaan, De Lier, the
Netherlands)were treated with ems by submergence of
approx1mately 2000 seeds per variety into an aerated solution
of either 0.05% (w/v) or 0.07% (w/v) ems durlng 24 hours at
room temperature.

Approximately 1500 treated seeds per variety per ems
dose were germinated and,therresulting plants were grown in a

greenhouse in the Netherlands from May to September to

produce seeds.
After maturadtion, MZ seeds were harvested and bulked

in one pool per variety per treatment. The resulting 6 pools
of M2 seeds were used as starting material to identify the
individual M2 plants containing reduced susceptibility

alleles,

The efficacy of the genetic modification procedure
was assessed by determining the occurrence of bleached
plants, which is indicative for chlorophyll loss due to
modifica£ions in genes directly or indire&tly involved in the
formation or accumulation of chlorophbyll. In all 6 pools of
M2 seeds individualrplants, which are bleached, were observed

which demonstrates that the applied treatments result in

genetic modifications.



10

15

20

25

30

l,-toNtLO CO ro' c9:3Z;co dood N OOO0O CVO)U) N NN N
P--(v) COnco 0O O0COco M" co0O

WO 2007/077230 _ PCT/EP2007/000228

22

EXAMPLE 2

Tdentification of lettuce plants which have obtained reduced

susceptibility alleles for ethylene

M2 lettuce seeds were germinated on paper in a small
plastic container with an ethylene concentration of 10 20 vpm
{volume parts per million) at 16°C in dark; 1 vpm contains
0.41 umol/litre or 1.14 ug/litre. Ethylene-insensitive
mutants were compared to ethylene-sensitive controls, and
selected -on the basis of elongated hypocotyl and/or root
(i.é. triple resﬁonse test). These ethylene-insensitive
mutants were grown to produce M3 lines by self fertilisation.
These M3 lines were re-tested with the triple response test
to confirm ethylene insensitivity.

When a line was segregating for ethylene
insensitivity, plants were selected followed by one or two
additional cycles of inbreeding, and a final triple response
test to select homozygous ethylene-insensitive lines, if
possible.

In one case an M3-plant grown from M3-seed was

selected for reduced ethylene sensitivity in a triple

' response test, and crossed with an ethylene sensitive and

russet spot sensitive parent Troubadour to obtain Fl-seed. An
Fl-plant grown from the Fl-seed was selfed to produce
F2-seeds. An F2-plant grown from these F2-seeds was selected
for reduced ethylene sensitivity in a triple response test,
and selfed to produce F3-seeds. The resulting F3-line was
added to the set of 53 M3, M4, and M5 inbred lines. In this
case the F3-line was the only representant of the original

M2-mutant plant, because there were no selfed seeds left from

these plant.
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EXAMPLE 3 ldentification of lettuce plants which have
woabdri7msd reduced susceptibility all el es for PRTEPR607/000228

Spot Thirty-seven ethyl ene-insensitive lines from

the 5 forty-two lines foundiJjyn Exanple 2 were sown in

a greenhouse to produce mature heads under regul ar

| et t uog,  aductdos coidionms (ligeat FeBm Mrasgiéki were

the Netherlands; sow ng: 10 January; transplanting:
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to the original variety (Table 3). S X
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twice.

Table 2 shows the results.



20 Estate, Bucksburn, Aberdeen AB21 9Th, UK. The
first line is nunbered 02D. 91445. It is an M4-lin
descending fromthe ethyl ene-insensitive '

woeoubagour - M2- pl ant 00D. 7856. An et hyl ene- i P<avyEIR20(7080228

M4- pl ant was sel ected fronm4020.91445 in the cl osed
container test in Exanple 2 and selfed to produce 25
Mb- seeds. Si xteen Mb-plants were grown fromthese
seeds to produce an M5 sged | ot bygselfing. This seed

| ot3i s, nunber ed 07D. 8265@0 @nd it Bs Qleposited as
NCIVB-hurber 41448 (figsk IFng). Thedpaeond ¢ine dsx w

Table 2
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nunber%d P2D. 90047. It is an 30 Mi-1ine descendi ng
from %eg‘et hyl ene-i nsensitive Troubadour- M- pl ant
00LY 68763 An_ et hyl ene-insensitive Mi-plant was
sel*2cted+¥ rom 02D, 90047 in the cl oged cont ai ner test
i n ¥xahplfe 2 and gel fed pr oducegVb- seeds. Si xteen
W0 207/ &77230PCTEEP20B7ED00228 27EMG- pl ant s wer e
grc@mﬁrg)mrt_{hese Beeds®t & pro®fuce Fn MFsBedtlot By *
sel4inmg. »ThpS seed |l ot is nunbered 07D. 826514 and it
i s aeposkt ed as NCI MB- nunber 41450 (second line). The
ab&knde of BussetSspotting for this origin was
estiablY siied8by te§ting-5« he Nb-|iae 030. 90323, « < <« <«
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03[F 942 i 8 the closed container test in Exanple 2
ang; s& f 8d o preduee—Mo—seetds—SixteenM=prants
were @ ofin fromthese seeds to produce an M/ seed | ot
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it ¢ sR0%degosited as NCl MB-néntier 41451 (fourth
line)e o O he fifth [i8e 3s_nu red
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et Byl &reli nBensitive M3-plant was sel ected from
01¢; 8578@ i the closed container test in 25 Exanple
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MB- pl ant 020. 8484 descended fromthe

et hyl ene-insensitive 28 Yorvik-M-plant 00D. 7845. An
et hyl ene-insensitive F3-plant was sel ected from
woA6),801660 in the closed container test in Examgye0700228
and selfed to produce F4-smeds. 16 F4-plants were

grown fromthese seeds to produce an F5 seed | ot by
selfing. 5 This seed lot is nunbered 07D. 826542 and

it is deposifed ag NOI MBynunber 41453 (siBth Ine).
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EXAMPLE 3

Identification of lettuce plants which have cbtained reduced
susceptibility alleles for Russet Spot

Thirty-seven ethylene-insensitive lines from the
forty-two lines found in Example 2 were sown in a greenhouse
to produce mature heads under regular lettuce preduction
conditions (location: Maasdijk, the Netherlands; sowing: 10
January; transplanting: 17 February; harvest: 18 April). The
harvested mature heads were stored in a closed container at a

temperature of 8°C in the dark. They were exposed to ethylene
, y

' gas at a concentration of between 6 and 7 vpm (volume parts

per million). 1 vpm contains-0.4l umol/liter or 1.14
pg/liter. After 9 days, plants displaying Russet Spotting
were identified. Ali control plants, except Yorvik displayed
Russet Spotting. 28 Out of 37 lines tested showed absence of
Russet Spotting or less Russet Spotting as compared to the
original variety (Table 3).

Six lines were chosen for multiplication and
deposition at NCIMB Ltd, Ferguson Building, Craibstone
Estate, Bucksburn, Aberdeen AB21 9YA, UK. The first
line is numbered 02D.91445. It is an M4-line descending from
the ethylene-insensitive Troubadour-MZ-plant 00D.7856. An
ethylene-insensitive Md-plant was selected from 02D.51445 in
the closed container test in Example 2 and selfed to prodﬁce
M5-seeds. Sixteen MS5-plants were grown from these seeds to
pfoduce an M6 seed lot by selfing. This seed
lot is numbered 07D.826509 and it is deposited as
NCIMB-number 41449 (first line}.

The second line is numbered 02D.9%0047. It is an
M4-line descending from the ethylene-insensitive
Troubadour-M2-plant 00D.6876. An ethylene“insensitive
M4-plant was selected from 02D.90047 in the closed container

test in Example 2 and selfed to produce M5-seeds. Sixteen
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M5-plants were grown from these seeds to produce an M6 seed

lot by selfing. This seed lot is numbered 07D.8265314 and it
is deposited as NCIMB-number 41450 (second line). The absence
of russet spotting for this crigin was established by testing
the M5-line 03D.90323, descending from an M4-plant of
02D.90047, ,

A The third line is numbered 00D.88578. It is an
M3-line descending ffom the ethylene-insensitive
Troubadour-M2-plant 00D.7871. Sixteen M3-plants were grown
from the 00D.88578 to produce an M4 seed lot by selfing. This
seed lot is numbered 07D.826502 and it is deposited as
NCIMB-number 41448 (third line).

The fourth line is numbered 03D.390452. It is an
M5-1line descending from the ethylene-insensitive
Apache-M2-plant 00D.6883. An ethylene-insensitive M5-plant
was selected from 03D.90542 in the closed container test in
Example 2 and selfed to produce Mé-seeds. Sixteen M6-plants
were grown from these seeds to produce an M7 seed lot by
selfing. This seed lot is numbered 07D.826522 and it is
deposited as NCIMB-number 414531 (fourth line).

The fifth line is numbered 01D.85780. It is an
M3-line descending from the ethylene-insensitive
Apache-M2-plant 00D.6896. An ethylene-insensitive M3-plant
was selected from 01D.85780 in the closed container test in
Example 2 and selfed torproduce Md4-seeds. 16 M4-plants were
grown from these seeds to produce an M5 sesed lot by selfing.
This seed lot is numbered 07D.826540 and it is deposited as
NCIMB—number 41452 (fifth line).

The sixth line is numbered 04D.801660. It is an
F3-line descending from a cross between the
ethylene-insensitive Yorvik-M3-plant 02D.8484 and a
plant of the ethylene sensitive variety Troubadour. The

M3-plant 02D.8484 descended from the ethylene-insensitive
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Yorvik-M2-plant 00D.7845. An ethylene-insensitive F3-plant
was selected from 04D.801660 in the closéd container test in
Example 2 and selfed to produce Fi-seeds. 16 Fi4-plants were
grown from these seeds to produce an F5 seed lot by selfing.
This seed lot is numbered 07D.826542 and it is deposited as
NCIMB-number 41453 {(sixth line). |

Fig. 1 shows resistant and control plants.

EXAMPLE 4
Identification of lettuce plants that show less post-harvest

yellowing
Ethylene-insensitive lines grown under greenhouse

conditions as described for Example 3 were harvested and

‘mature trimmed heads were stored in an ethylene-free storage

chamber at 8°C. After two weeks base leaves of the green
control varieties Yorvik and Troubadour started te turn
yellow. At that moment and even 1 week later three lines
appeared to have less yellow base leaves than their origin
varieties, which were the controls used in this trial. These
lines were numbered 04D.800900, 03D.90323, 04D.801660.

Although a relationship is reported between leaf
yellowing and ethylene presence (Saltveit et al. (2003)
Postharvest Biology and Technology 27:277 283}, 1t is
surprising that even in conditions without ethylene, some of
the ethylene-insensitive lines ‘are expressing a less

yvellowing phenotype.
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CLATMS

1. Plant which belongs to the genus Lactuca and in
particular to the species Lactuca sativa that shows a
reduced susceptibility to ethylene and physiological

disordgrs, in particular Russet Spotting and Yellowing, as

compared to a control plant, characterized in that seedlings

of the plant have a longer hypocotyl as compared to the
original ethylene-sensitive control only under ethYlene when
measuring the growth of hypocotyls of seedlings of the plant

germinated under ethylene and the growth of the hypocetyls

- of seedlings of the plant germiﬁated in air as compared to

the original ethylené-sensitive control.

| Z. Plant as claimed in claim 1, seed of which
plant is deposited with the NCIMB on 3 January 2007 and has
been given the accession number as listed in Table 1.

. 3. Plant as claimed in 1, which plant is .obtained
by crossing a plant as claimed in claim 1 or 2 with another
plant of the same species.

4. Progeny of a parent plant as claimed in any one
of the claims 1-3 that has the reduced susceptibility to
ethylene and physiclogical diSorders, in particular Russet
Spotting or Yellowing.

5; Part of a plant as claimed in any one of the
claims 1-4. '

6. Part as claimed in claim 5, which part is
selected from leaves, heads, cut-leaves, processed heads,
baby leaves.

7. Plant regeneratéd from.a plant part'as claimed
in claim 5 or é that has the reduéed susceptibility to
ethylene and physiological disorders, in particular Russet

Spotting or Yellowing as found in the parent.



CLAF MS 1. Plant which belongs to the

genus Lactuca and in particular to the species

Lactuca sativa that shows a 5 reduced susceptibility

to ethyl ene and physi ol ogi cad, di sorders, in

particul ar Russet Spotting and Yel |l ow ng, as

conpareg t control n atracterized in_t

seedllngg ? %%egglan %@e a gﬁé@?dh§p088¥ypngsor the
clebmpared dwithe original ethylene-sensitive contro

only under ethyl ene when 10 neasuring the grow h of

hypocot yT s 0fo%&eey fHg8 of SERE BFaft4BRAi ARt Bd2iMmder that

Y, éﬂqk %P 0

Shfﬁ%d%?ﬁgr é#: %8¥$B§g§%%? tedggﬁ§£%$eaéngonpared
phyoicehegvrd jidisdo syt enenspastf tubacoRtisebt Spotting or

Plant_as.clained jn claim]l, seed of which 15
f# WY e Bt eﬂnm#?ﬁ PRESRE MB on 3 January 2007

and has teen.&imede t hEoaGeesSLeRpAUEDES asphhﬁt;egrlﬁart
Tabl e 1. 3. Plant as clained in 1, whi

theyemt |a° -Oimedibyary 0888 ngfatbe aptadssclabmed in
claim1 or 2 with another plant of the same species.
204. Progeny of a parent plant as clainmed in any one
of the tlaims 1-3 that has the reduced susceptibility
to ethyl ene and physi ol ogi cal di Sorders, in
particul ar Russet Spotting or Yellomﬁng.
5. Part of a plant as clained in any one of the 25
claims 1-4. 6. Part as clained in claim5, which part
is selected froml eaves, heads, cut-|eaves, processed
heads, baby | eaves. 7. Plant regenerated froma pl ant
part as clainmed -30 in claim5.0or 6 that has the
reduced susceptibility to ethylene and
physi ol ogi cal . di sorders, in particular Russet
Spotting or Yellowing as found in the parent. 32
B. Seed of a plant as clained in any one of the
clainms 1-4 and 7. 9. Progeny froma seed
as clainmed in claim8 that shows the reduced
susceptibility to ethylene and 5 physiol ogi ca
di sorders, in particular Russet Spotting or Yell ow ng
as found in the parent. 10. Lettuce
product, conprising a plant or part thereof as
claimed in any one of the clains 1-9.



